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METALLIC TTPANTUM, AND’ ITs sxareh/: 
By R. s. Deeng/ and B. Sikes3/ | 
INTRODUCTION - Ee eT ee 


Titanium is estimated to comprise about 0.65 percent of the. earth’ S. 
crust and to be the ninth most abundant element. It ranks fourth in’ 
abundance among metallic elements suitable for engineering uses and is 
exceeded only by aluminum, iron, and magnesium. The titanium industry 
revolves around the production of itlmenite and rutile. TIlmenite is used. 
to manufacture titanium dioxide, largely employed as a white pigment in 
paints, but is also utilized in alloys, cemented carbides, ».and other. | 
metallurgical appdications. Rutile is used principally for welding-rod 
coatings, but also for. alloys. Supplies of titanium ores previously came 
largely from the beach. sand of. Travancore , India,. but a large domestic 
supply has been developed in the Adirondack region of New York, and other 
deposits are known in Wyoming, Virginia, Arkaneas, and other. States, There 
are, also, great quantities of titaniferous magnetite sands in Japan, and .. 
titanium ore deposits. in Russia. In 1939 more than 250,000 tons of titanium 
concentrates were imported into the United States, principally from the 
Travancore coaat, India, ‘Imports from all scurces decreased to 10 »407 _ 
tons in 1942 and. were finally cut off from overseas by. the war. "Shipments | 
for 1944 from India and Dependencies reached 62 ,066 tons, Domestic output 
of ilmenite concentrate, for tots reached approximately 220,000 tons.. . 


Titanium dtoxide is ‘ordinarily produced from ilmenite by digcstina: 
with fuming sulfuric acid, filtering, ‘and clarifying the solution of iron _ 
and titanium eulfates, reducing the iron to the ferroug state and procip{- a 
tating T10. by: hydrolysis. . 


Other processes for the production of Ti0o have been proposed; aia ee 
cluding some in which titanium tetrachloride is produced as an int . 
mediate. product, The process patented by Carteret and Devaux(19)4 Mag an 
example. This process consists essentially of the following steps. The 
sanehy Ena, ore is reduced at red heat with coal and then treated 
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with dry chlorine gas. The two operations may be carried out simultaneously 
by using @ reducing gas mixed with thé chiorine, The various chlorides (Fe, 
Si, Ti, etc.) are formed successively as-the temperature increases and are 
subsequently separated by fractional distillation. The aqueous TiC1) solu- 
tion is treated with alkali carbonate, and gekatinous Tido is obtained.:: On . 
boiling in 4 bath slightly acidified with HoS0), it passes to a dense, 
unctuous mass, suitable for use as a pigment. 


TiCl, was also produced — the war in considerable quantity for 
use in smoke screens. 


The logical starting points for producing metallic Ti are PRET etene 
either the dioxide or the chloride. 


PREPARATION OF THE ee 


Before 1900 all attempts to prepare pure titanium were unsuccess- 
ful(8,9). In the light of present knowledge, 1t seems that the early 
investigators had obtained various mixtures of the carbide and the nitride 
which they had ii staken for the metal itself, since the carbide and nitride) 
have a metallic appearance and are good conductors of electricity. In 1887 
Nilson and Pettersson(34) obtained a product containing about 95 percent 
titanium by reducing the tetrachloride with sodium. In 1895 Moissan(33) 
prepared metallic.titanium of 98 percent purity by reducing titanium 
dioxide with carbon in an electric furnace. Hunter(27) heated titanium 
tetrachloride with an equivalent quantity of sodium in an iron bomb and 
obtained a product containing 99.7 to 99.9 percent titanium. Similar 
results were obtained by Lely and Hamburger(49), Podszus(36), and Pat- 
terson( 35)». Billy(17) modified Hunter's process by passing titanium 
tetrachloride vapors over sodium hydride heated to’ 400° C. «The resulting 
metal contains hydrogen, which may be removed by heating to 800° C, ina 
vacuum. Weiss and Kaiser(39) obtained a somewhat impure metal by reduction 
of the. alkali. fluotitanates with sodium, Van Arkel(50), using larger 
quantities and pure KoTiF¢ or NaoTiF¢, which was heated with a slight 
excess of sodium tightly packed in an iron tube, obtained a metal powder | 
which was used for preparing pie phtensum eccoresng to the iodide process © 
described later. 


The. Van Arkel method has proved more advantageous than the sodium 
reduction method, as the pressure does not become too high, “although the 
fluctitanate sed must be perfectly dry. 


Titanium has also-been prepared.by passing..TiCl;,. into a closed vessel | 
containing a fused mixture of NaCl and KCl covered with & layer of molten | 
sodium and maintained at a high temperature. The titanium formed sinks in 
the melt, which is subsequently extracted with water(21). 


The hydride process of Alexander (15) depends on the reduction cf 
titanium dioxide by means of calcium hydride to form titanium hydride 
and calcium oxide. The reaction is carried out in 4 hydrogen atmosphere 
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at 400° to 500° C, Calcium oxide may be jigwened out with cold dilute ... 
hydrochloric acid to leave pure titanium hydride, which, after drying at . 
room temperature, is obtained in the form of a fine, stool- -gray powder. 

The disadvantage of this process is that the titanium is always produced 
first as a hydride, and only by subsequent degassing is it converted into 
metallic titaniym. Even this contains an appreciable amount of hydrogen, 
For several purposes, this contamination is not desirable. When ductile 
titanium is desired, titanium produced by other methods mist be used. The 
most favorable conditions reported by Kats and Khokhlova(29) for the re- 
duction of titanium dioxide with calcium hydride in hydrogen at atmospheric 
pressure are a temperature of 950° to 1,075° C., a 50-percent excess of the 
G0-to 90-percent CaHo, and duration of heating 45 minutes to 1 hour. 


Many investigators have made experiments on the electrolytic de- 
position of titanium from a solution, without mch success. Several have 
reported precipitation of small amounts of metallic titanium by electrol- 
ysis of aqueous solutions of the sulfate containing sodium sulfate and 
not too much free acid. - A metal having a high overvoltage, such as lead 
or zinc, 18 used ag the cathode. Electrolysis of solutions:.of the dioxide 
is fused alkali fluorides or fluotitanates has been tried... Electrolysis. 
of various mixtures of fused salts has claimed a great deal of, experimental 
effort, withilittle-in.the way of positive result. Electrolysis of solu- 
tions of anhydrous. titanic chloride in various anhydrous eee sie 
has also here BUT ee aee: : wi 


~ 
» 


Luboweky (31), ee titanium in reguline form by sree en a. thermit 
reaction of. mixture of rutile, metallic aluminum, and’ Snvalkeline- earth 
carbonate. fase, pS ee 


see 
rr Fo oe 


nfo Coe 


Comstock (205) sepontcd that titanium dioxide can be pene re- 
duced to titanium by. sodium or calcium, but not by aluntinum,: * When eluminun 
is used, a low-carbon ferrotitanium is produced containing 22. ‘to. ie percent 
titanium and 3 to 8 percent aluminum, Se ee tt 


Comstock and Efimoff(20) prepared powdered metallic titaniym by 
heating titanium tetrachloride with sodium in a closed vessel in the . 
presence of a minor proportion of titanium dioxide or titanium nitride 
and crushing the resulting product to a powder. 


Summarizing, . the various Methods proposed or used for: See 
metallic titanium may be divided into three groups. The first. group 
includes procedures that form the metal by decomposition of ‘a titanium 
compound by means of a more active element; the second. group, methods 
that depend on decomposition of a solution of a titanium compound by 
passage of an electric current} and the third group methods that depend 
on decomposition of @ pure titanium compound by a eee application of 
some form of energy. 


PREPARATION OF DUCTILE TITANIUM 


The success of any process for producing metallic reer may be 
judged on the basis of how completely it prevents gaseous contamination 
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of the metal. Reduction processes which use metals like aluminum or 
nonmetals like carbon and silicon yield strongly contaminated metal. 
Krol1(165), using the Hunter process but a larger bomb, obtained malleable 
granulated metal. Lely and Hamburger(49) remarked that the grain pre- 
pared by them was ductile. In a later work, Kroll(45) reduced titanium 
dioxide to metal with distilled calcium and calcium chloride-barium 
chloride mixture (75-25 pcrceont) in en electrie furnece in an 
atmosphere of argon. The reaction is not complete, and the product is 
mixed with the salt mixture and calcium hydride and reduced again. The 
metal is workable hot, although cold-short, due to the presence of small 
quantities of lower oxides. 


Two methods of producing metallic videiunwine enough to be ductile 
at room temperature are available at present. One, developed by Van Arkel, 
De Boer, and Fast(42,435,44,50,51), involves thermal decomposition of ti- 
tanium iodide on a heated surface, whereby metallic titanium is deposited 
on the surface and iodine is liberated as a gas. This technique gives 
analytically pure titanium, provided pure starting material is used. This 
method is not easily adaptable to large-scale production, and there is 
little opportunity to modify the mechanical properties of the metal by 
alloying with other metals, since the titanium is produced in pencil- |. 
shaped rods that cannot be melted into larger lots without contamination. 


fhe other method involves reduction of titanium tetrachloride by a 
more active metal and yields titanium in a grannular or powdered form 
more readily adapted to subseqyent fabrication, The Hunter process men- 
tioned previously uses sodium, while the Krol1(48) process uses molten 
magnesium. Kroll reduced titanium tetrachloride with pure magnesium in 
&@ molybdenum-lined electrically heated crucible, in the presence of pure 
argon, at a temperature of about 1,000° C, and separated the metal from 
magnesium salts by leaching and acid treatment. The resultant powdered 
metal may be compressed into bars and sintered or melted in a special 
electrical vacuum apparatus. After melting, the metal can be easily rolled 
hot to thin sheet. | 3 


After considering virtually every process that had been proposed for 
the production of ductile titanium, Dean and associates(41, concluded that 
the Kroll process(48) was the most practical for large-scale operations. 


They modified the Kroll process in a number of ways. The size of 
the reduction apparatus was increased stepwise to a potsize capable of 
producing 100 pounds of titanium per batch. The apparatus used at Salt 
Lake City for the 15-pound rung is shown diagrammatically in figure 1(41). 
In this size reduction is carried out in an unlined iron pot. The pot, l2 
inches in diameter and 14 inches in height, was made from 12-inch pipe 
with 3/8-inch plates welded:on the ends. The inside surfaces of the pot 
were carefully cleaned by pickling in dilute HCl, scraping, and finally 
polishing with an emery cloth. The cover was then welded on and the 
assembly heated to 500° C, while filled with hydrogon to reduce the oxido 
formed on the interior surfaces by the welding. After cooling, 20 pounds 
of carcfully cleaned magnesium ingots were introducod through the inlet 
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tube, and the assembly was heated to 150° C., evacuating to a pressure of 
about 0.005 mm. mercury to remove absorbed gas from the wells of the chan- 
ber and the magnesium charge. Tank helium was next introduced, allowing 

the pressure to build up to slightly above atmospheric,.and the temperature 
raised to about 750° C. The liquid titanium tetrachloride was run into the 
reaction chamber, slowly at first and then 4s rapidly as the reaction would 
permit. A considerable“amount of heat was -evolved. This evolution of heat 
was adequate, after the.reaction got under way, to maintain the temperature — 
of the chamber at the désired point without external heating for about two- . 


o @ @ © 0 8 


ee | 


&ll of the TiCl), had been added, During the entire ‘run, a@ slight positive - 
pressure of helium was ‘maintained in tHe reaction chamber by means of the 
mercury vary! indicated in figure le 


eye 
“6 


After ie reaction chamber had. cooled, it was opened by cutting through 
the welded joint between the wall and the top of the pot. The charge was 
renoved in the form of chips by a@ boring operation carried out on a lathe. 

he greater portion of the magnesium chloride and excess magnesium were 

tnen removed from the chips by leaching with cold HC1. The leaching ves- 
sel was fitted with an agitator and cooling device, and the reaction chips 
were added at such a rate that the temperature of the leaching liquor did 
not exceed 25° C, After the first leaching, the chips wore washed, dried, 
ground to the desired size, given @ second leaching in 10 percent | HCl, and 
then carefully washed and dried at room temperature. : 


The grinding method adopted was wet grinding in a small ball mill, 
with frequent screening to remove the undersize particles and reduce the 
proportion of minus 200-mesh material produced, The iron introduced by 
the grinding was readily removed by magnetic soparation along with that 
picked up while. boring the reaction mass out of the chamber, 


This process without substantial modification — been used for a 
production rate of 100 pounds of metal a woek at the Boulder City, Nev., 
pilct plant of the Bureau of Mines. Titanium production by this prcecess 
might offer a postwar outlet for magnesium metal. 


Table 1(41) compares the results of the Kroll process and the Bureau's 

modification of it on a 15-pound scale. In the latter the yield of ti- 
tanium, based upon the amount added as chloride, is about 85 percent, 
The loss comes largely from material adhering to the walls of the chamber 
and decreases with an increase in scale of operation. The reducing effi- 
clency of the magnesium is about 70 percent. In the larger operations at 
Boulder City, magnesium efficiencies of 90. percent are commonly obtained, : 
end the titanium recovery is Je to 95 percent. 


The grannular metal is produced in a nigh state of purity, containing 
about 25 cc. of hydrogen per gram of metal and 0.50 percent magnesium, both 
of which arc completely removed by sintering at 1,000° C. in high vacuum. 
The powder may contain up to 0,1 percent iron and a fow tenths percent of 
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oxygen as the oxide.. The silicon content is believed to be less than 0.1 


percent. These latter impurities. are not present in bien amounts to 
interfere with the ductility of the awe 


TABLE 1. - Data on reduction process 


Reduction-pot Size eecccccccece AN, 


Temperature ranges CCl CS ecCeoeeee CC. 750-1, O00 1760-850 7T40- 820, ‘B60. 870 | 7hO- ay OC 
Magnesium used eoacccccccccccce Kill, 2 

Ticl) GAdEd soccccccccveseccess Ae 
Time of TiCl), addition........ min. 
Titanium powder produced .e.ees QM. 
Ratio TiCly: Jini eocescesseseevcesceses 
Percent of theoretical yield eoccce 
Ratio Ti: Mg Ceoeceesececncseneceseoces 
Reduction efficiency of 


POWDER re FABRICATION, AND PROPERTIES OF DUCTILE TITANIUM 


The granular metal produced by Dean and associates(41) was satis- 
factorily consolidated by pressing into compacts at a pressure of 50 tons 
per square inch and sintering for 16 hours at 950° to 1,000° C. in a vacuum 
of*1xl0" "mm, mercury. At this pressure, the compression ratio of the powder 
is about 5.5: 1. The sintered compacts are ductile, lend themselves readily 
to cold deformation, and have been made into sheet and bar by specific fabri- 
cating methods. It should’be pointed out that the data on the physical 
properties reported in that paper gwere obtained on metal fabricated by a 
fixed procedure, standardized for the purpose of control of the reduction, 
and are representative only of material fabricated under those conditions. 
Average physical properties, as well.as some additional data on the melting ~ 
point, transition temperature, and X-ray parameters as reported by Fast, 
are given in table 2(41). These are excellent physical properties and place 
titanium high in the list of strong, light metals. Annealed material has a 
tensile strength of about 82,000. pounds per. square inch, with 28 percent 
elongation and @ hardness cf 55 on the Rockwell A Seale. It is hardened © 
by cold working; tensile strength for 50-percent reduction by cold work is 
about 126,000 pounds per square inch with 4-percent elongation and a Rock- 
well haraness of A 65. 7 


In anuither paper; Dean and associates(54) determined the physical prop- 
erties of titanium metal'on 1/16-inch sheet, using standardized procedures 
for pressing compacts, sintering, forging, and annealing. The compacts, 
after pressing at 50 tons per square inch, were sintered for 16 hours at 
1,000° C, in a@ vacuum of 2 x 1074 mm, of mercury. The sintered compacts 
have a density of 4.30, a tensile strength of 83,000 pounds per square inch, 
an elongation of 10 percent, and a Rockwell hardness G 54... They are best 
worked by cold forging and may be reduced as much as 50 percent in thickness 
in this operation. Compacts were normally forged to 25-percent reduction and 
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in this condition have a density of 4 42, a tensile beeen of 115,000 
pounds per square inch, 6-percent elongation, and a hardness of G Q). ;* 
Physical properties, hardness, and microstructure were followed at all 
steges of the sbcrhen sap and also on sheet annealed at temperatures ranging 
from 400° to 1,200° C, .Vacuum annealing for 6 hours at 1,000° C, givos 
@ slight increnae in density and reduces the strength and hardness. to — 
about those of the sintered . compact. The forged and annealed. compacts were 
cold-rolled by slight reductions and many passes, with; intermediate anneal- 


ing after 15- to 20-percent nequstion, and finished into, banal with lO- to° 
60-percent reduction, ig ee aut <3 | 


TABLE 2. - Proportion of metallic titanium 


ey ¢ 
M . 


se ‘ 
i. 


Tensile strength wae oaks Be fy lv. Vee ‘in. 


; ; 
Yield strength CCRT H ESHEETS SHEH OE E ORE EE HES: AG's: wey 906000 : : 62,000 
Proportional Limit SucbaeRNRedeweseb ensees AQ: espe 72 O00 - ‘ 55 » 000 
Elongation eeoeeeseereccesesseser percent in 2 inches 4 28 
Young ' s modulus, ere eeereressee sic 1b. 2/84. in.:: ‘x 106 © . ose ; é 16.8 
SEROUS has oul ne vaaauaaerekawse as resect eS 
Melting. point “STS Coes ccccvepeccavcvacseeusbscese WC 2 Bo, che BS . Lia fe Pa ett 
Electrical- resistivity :scvce0. 20 Ons per “Gm XL0° | : . 2 ae 
Density ac eccceccescetercscceeearbinsvecsece ‘gm./cc, ” 4.5 


Crystal structure up ‘to G80° + 20°:.C,, hexagonal, | 
close-packed ee ee a=e 95 


_ Ome 73 
Above 880°-C,, “body-centerod cubie 2703 5. aes. 32 


Tensile stréngth is ‘Sc nasal oe colar ol iiee from 78,700. to 123,000. 
pounds per square inch by 50-percent reduction and then drops to 111,500 
pounds per square inch at 60-percent reduction; indicating‘overwork, The 
percentage of elongation. decreases from. 25.2. to 8.2 at 20-percent reduction 
ani drops to 1.5 at 60-percent reduction. The hardnoss rises regulerly with 
working fromG 6 for annealed material toG ee for 60 percent coldwork. 

* Rolling at 500°. oe nerve pees ey omabetone. per -pass and ae total 
reductions bétween anneals. The temperature is bolow the recrystallization 
temperature of titanium, and material so.rolled ‘work-hardens to & much 
smller extent.than in cold-rolling. Reductions of .80-percont raise the 
tensile strength to 101,700. pounds. per: square..inch and: the hardness to 
C 88, while the “elongation drops irregularly to 10-poreent. in 2 inches, : 


Annealing after, cold-and hot-rokling producos similar propertios for 
@ given annealing temperature. _ Minimum strongth. is reachcd.on anncaling 
between 700° and 900° C,. Cold-rolled, annoaled mctal has a slightly higher 
tensile strength - 79,000 pounds por :square inch comparcd to 73,000. ‘pounds 
per square inch - and a hardness of,;G :79. versus,;G 75, while the clongation’ 
of 25.2 is slightly lower. . Annealing ‘tomporaturcs .of .1,000° t- 1,200° C, 
produce a small increase in the tensile pacha ond a jechekse in 
clongation. 8 
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Some of the motal produced was swaged into rods and then drawn into 
wiro 0,006 inch in diamctcr. The small.rod and wire could be annealod for 
further drawing by heating for 20 minutes to 1 hour at 600° C. in air with- 
out excessive oxidation. 


The metal has excollent corrosion resistance, being very similar to 
18-8 stainless stcels in this respect. It is, howovor, rapidly attacked by 
concentrated H,S0, and HCl, and dilute H,S0), attacks the metal slowly, but 
concentrated and dilute HNOz have no appreciable effect. The metal docs 
not tarnish on exposure to faberatcrs atmosphoroes or during a 30-day expo- 
sure to the salt-spray tests. Physical propertics are also uneaffectcd by 
salt-spray corrosion tests. Thc consolidated material is quite stablo. 


The mean specific heat of titanium has been measured by several investi- 
gators; only Jaeger and associates(61) used ductile titanium, The measure- 
Ments by Jaeger and his collaborators seem to be in error, due to gas ab- 
sorption. In the following table ee reer several values of the 
mean specific heat are compiled. 


Nilson and Pettersson(34) Hunter and Jones(28) Jaeger and others(61) 


.1485 0-301 1516 (ek 61334 0-320 
~1620 0-hkO . 21563 __ 0-333 +e 386 0-500 


According to DeHaas and van Alphen(55), titanium becomes superconducting 
below 1.63° K. 


Concerning the optical properties of titanium, Went(12) determined for 
the line 6650A. the emission coefficient as a function of the temperature. 
His results are given as follows: 


TeMPe ceccccccccecceceses Ke 1150 1250 1350 1450 1550 1650 
Emission coefficient .esccees 0.533 0.523 0.502 0.480 0.450 0,419 


Bridgman(53) measured the linear compressibility of titanium obtained 
by the electrolysis of fused salts. He calculated the following results 
for volume compressibility from his linear measurements by Beene equal 
compressibility in all directions: . 


At 30°-aV/aVo-= 7.97 x 10-7. p+ 0.12 x 1071© Pe, 
At 759-aV/aVo = 8.68 x 10-7 p-4.5 x 10-1e Pe, 


Bridgman notes that (a) compressibility “increases Beaks with tempera- 
ture, (b) the direction of curvature at 30° is abnormal, and (c) the value 
7-97 x 10-7 fits in well with the position of Ti in the periodic table. 


Krol1(166) reported that the Brinell hardness of titanium prepared 
from titanium tetrachloride and sodium is about 210 and is raised by alloy- 
ing additions. Oxygen increases it to about 320, when red-shortness occurs. 
Cold-drawing gives 260 Brinell. 
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DeB3oer(12) found tliat two titenium samples prepared by the iodide proc- 
ess had a Vickers hardness of 188 and 122 Kg. per mm.© when tested with a 
loed of 5 K&. - F 


Hidnert(60) found thet the coefficient of expansion of titanium in- 
creases from about 5 x 10°° per degree at -150° C. to about le x 1076 per 
degree at 650° C, , 


The surface of ductile titanium can be hardened by heating in a con- 
trolled atmosphere containing small amounts of oxygen or nitrogen. Con- 
siderable experimental work of the Bureau of Mines, carried on by vacuum 
methods and by the.use of purified helium atmospheres, has shown that 1.3 
mg. of oxygen per square. centimeter of titanium surface will produce 4 
layer with a hardness of Ro@kwell C 58 at 0.04 millimeter below the sur- 
face. The thickness and hardness of this layer, which appears to consist 
of a solution of T1i0 in Ti, may be modified by regulating the temperature 
of formation and time allowed for diffusion to take place. Optimum condi- 
tions appear to be reached at 950° C, and within 24 hours. 


_ USES OF DUCTILE METALLIC TITANIUM 


Until the recent work ‘by the Burea of Mines, titanium had been 
available only in very smll quantities. Its commercial uses, therefore, 
have not been oe gegee to any great extent. 


It has been employed in the form of rods to produce rere for 
astrenomiocal research, and filaments of titanium have been used in in- 
candescent bulbs. Many important uses of titanium have been suggested 
which can now be tried out. These suggested uses, for the most part, 
revolve around the fact that titanium is a light, corrosion-resistant 
metal, thue combining the properties of. stainless steel with those of 
the strong aluninum alloys. | 


Ductile titanium possesses certain definite advantages over both stain- 
less steel and the aluminum alloys. One such outstanding advantage is its 
high proportional limit. The proportional iimit of cold-worked titanium 
is as high as 75,000 pounds per square inch. This is to be compared with 
the unusually low proportional limit of stainless steel, which is not 
more than 25,000 pounds per square inch, even when fully cold-worked. 

The aluminum alloys do not have a true proportional limit. The propor- 
tional limit of titanium is comparable with heat-treated steels and 
@luminum bronze, and since its density is only a little over half that 

of steel or aluminum bronze, it 1s seen that wrought titanium is in 4 
Class by itself, so far as the weight of a section having & given pro- 
portional limit is concerned. It is obvious, therefore, that where a 
minimum weight combined with a continued high stress is concerned, ti- 
tanium would be the preferred structural material, There are a great 

many places in aircraft design where. such a situation prevails. Eventually, 
titanium will be produced at a cost where it can be freely used for struce-- 
tural purposes. At the outset, while it is still a relatively expensive 
metal, it should find uses in all sorts of diaphragms that are maintained 
under tension, particularly such elements as microphone diaphragms where 
weight is important. It should also find early use in textile machinery, 
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jie a considerable saving i aaee ans mas by using a Light metal 
for high-speed spindles, spools, warp beams, and other working parts. 
Magnesium alloys have been suggested for these parts, but the very much 
greater stress to which titanium can be used overcomes, to a considerable 
extent at least, the lower weight of magnesium ~ - 


The fact that titanium can be surface-hardened also gives it a defi- 


.. nite advantage over the light metals in the Construction of parts subject 


to frictional wear. The use of titanium for automotive pistons has also 
- been suggested. In this-field, it. possesses. not: only ‘a combination of 
lightness and:strength but also’ a coefficient of expansion which is actu- 
ally a. little-less than. that. of cast iron,.ordinarily-used for cylinders. 
The heat conductivity of titanium is a disadvantage for: the purpose of 

_. piston, heads, but for a number of other purposes it is a definite: advan- 


.- tages. When titanium eventually becomes plentiful and reasonably cheap, 


_ it will‘make, excellent. pot handles. for aluminum pens. | 


The dgeeitent ‘aonieine and physical properties of eau lumreuneast 
it for many sport uses, such as tennis rackets and fishing rods. The 
modulus of titanium, combined with its especially high proportional limit, 
should improve the elastic behavior or even caueaets 


The combination of stainlessness; high - soperehGaal ade, and low 
modulus makes titanium an ideal material for springs where a considerable 
extension in relatively low loads is de’ired.: The use of titanium should 
make porerone sa cope ucreen of ee i ed erere balances, 


Titaniun, along with igeeet a has the: very sausied ‘property of 
marking glass, This property has: béen utilized for a ‘varioty of purposes, 
including the production of very stable, high electrical resistances, 
which are simply made by marking a glass surface with a titanium point. 


The low modulus of titanium combined with its strength have also 
suggested its use in tool mounting where a certain’ haat of give is 
desirable to prevent breakage.: i ae 


The corrosion resistance of sitatimis as weil as its ability to 
surface harden, has ,been wee in the meine or Ren pernts and BiyAMnees: 


X-ray diffraction tubes with titanium targets are = the developmental 
stage. / , 


In conclusion, the ete large- dente iad of ductile, metallic tita- 
nium would appear. to depend only: on its availability in suitable form and 
at a price where it ce no ORES be considered a rare and precious metal, 

- ALLOYS oF TITANIUM 
While senatderabio. information ig available on the addition of tita- 


nium to various mctals and alloys, relatively little is known concerning 
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the effects of adding other metals to: titanium, This field will undoubt- 
edly prove to be quite fruitful.. Hangen(142) in his textbook. on binary 


alloys gives information about the following titanium alloys: 


At: B, Fe, Au, Co, . <<, Cu, Ni,. abe: Pt, Ee) , Se, Si, N, Te, 4H, Zr 


7 Ferro-Alloays. Containing Ti tanipm 


Alloys of titanium, such as ferrotitanium, ferrocarbontitanium, cupro- 
t:tanium, and manganotitaninn, are added to molten metal as scavengers just 
before casting. ae use depends upon the high. chemical reactivity of 
pletely than either ‘silicon, ‘or. manganése, It is not so strong 4 deoxidizer 
as aluminum but for many purposes is more satisfactory than aluminum, since 
its use does not cause intergranular occlusions of sulfide to the extent 
that the use of aluminum does. 


Ferrocerbontitanium is the ferro- alloy most used as a deoxidizer in | 
steel and gray cast iron. In amounts up to 4 few pounds per ton. 1G 1s 
added just before casting. It is made by the Rossi process, in which. 
timenite and coke are smelted in contact with a path. of steel in a special 
type of electric furnace. High-carbon ferrocarbontitanium contains 15 to 
16 percent titanium and 7 to. 8 percent carbon and is used for adding tita- 
nium to medium- and high-carbon steels and cast irons. Medium-carbon 
Serrocarbontitanjum contains 18 Eto, 21.percent titanium and 3.5 to 4.5 
percent carbon. It 1s used for. ‘low-carbon steels... High-aluminum ferro- 
carbontitanium contains 12 to. 16 percent titanium, 18 to 22 percent 
eluminum, 2. to 4 percent silicon, and 3 to 5 percent carbon. Jt is uscd . 
Tor making fine-grained steels by, simultancous additions of titanium and. 
alaminum, dail 
It nas. been found that titanium-carbon ratios between 3.5. and 5.5 
in 5- -percent chromium steel containing molybdenum and titanium’ give better 
notch toughness and high- -temperature, rupture strength than with highor ti- 
tanium, together with satisfactory ductility and restriction of air harden- 
ing. Silicon around 1 percent is beneficial to oxidation resistance of 
this steel (107). | eaten mies int a 


Comstock(99) has found that the use of titanium with: boron ig ad- | 
vantageous in promoting hardenability and toughness of” the hardened steel. 


" Another use for titanium in ferrous metallurgy ‘depends on the reacticn 
OF free metallic titanium with carbon or metallic carbides to form titanium 
carbide, after. the oxygen has been removed, Titenium carbide is immiscible 
in the solid state and separates as ‘geparate random crystals having little 
effect on the properties of the metal. Therefore, titanium may be used as 
a’method of carbon control-in such-atloys-as high-chromium steel, in which 
intergranular carbide formation is objectionable, It has been claimed that 
nardening’ of a steel by precipitation of iron carbide would de impossible . 
i? an excess of free metallic titanium were prescnt. 
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Slag inclusions in titanium-treated steel are more fusible and fluid 
because of the presence of titanium dioxide and are therefore readily elimi- 
nated by floating out of the freezing Bveet, giving cleaner es 


A large amount of titanium is used in effervescing tess: for many 
plants have found it to give better rimming ingots and hence @ higher 
yield of good product. Its use in rimming steel is not entirely because 
of deoxidation, but partly Because. of the eae action of the. titenium 
dioxide formed, 

piace, te also used in cast east, eevee pearlitic manganese 
steel, where a stronger deoxidizer than silicon is noeded. ’ The use of 
titanium for this purpose gives inclusions that &re globular and scattered. 
Titanium is used in steel castings to give the proper degree of deoxidation 
for fine-grain characteristics without 80 mach deoxidation as to incur 
trouble from inclusions, a | > 7 


For carbon control purposes, ferrotitanium is used, since ferro- 
carbontitanium is not @ suitable source of free titanium for this purpose. 
There are several commercial processes for producing ferrotitanium. Oné 
is a modification of the thermite process. Fhe thermite process can be 
used to reduce a mixture of 1 part titanium dioxide with several parts 
ferric oxide to give ferrotitanium, which may contaéin 22 to he percent 
titanium and 4 to 8 percent aluminum, with very little carbon. Another 
method accomplishes this reduction by dropping the oxides to be: reduced 
onte a bath of ‘molten aluminum. Still. another method depends on the fact 
that at the high temperature of the electric: furnace, and in-the: presence 
of molten iron, an excess, of silicon will reduce ‘titanium dioxide to. metal, 
while at lower ‘Lemperaturoes titanium will, decompose silica, . This last-— 
mentioned process yiclds a low-carbon aa le oo for’ use in grey. . 
cast iron. am GP a - 

An alloy’ containing about 13. percent titanium, 20 paint ‘aluminum, 

3 percent silicon, 4 percent carbon, and’. the balance principally iron has 
been suggested for carbon steels to deoxidize and produce fine grain. 
Another group of related titanium alloys’ comprises. forrotitanium. of about 
18 percent titanium, 18 percent silicon, -0.5 percent carbon, and 0. 5 per- 
cent aluminum, with the remainder principally iron. Another similar alloy 
contains 16 percent titanium, 10 percent silicon, 2.5 percent carbon, and 
0.5 percént aluminum, Still another contains 15 percent ‘titanium, 20 
percent aluminum, 3 percent silicon, and 4 percent carbon. Also, there 
are the. iron-silicon-titanium alloys, containing 35. percent silicon, 0.3 
percent carbon, 0.3 percent aluminum, 30 to 55 percent titanium, and the 
rest principally iron. Four of these last five alloys have been restricted 
in their commercial use to the ee a8 of titanium to cast aa 


Titanium in the Notal uray of Cast. Iron’ 7 


Low-carbon titanium alloys are used for adding titehium to cupola- 
melted cast iron, to nickel, copper, aluminum, or as an alloying element 
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Figure 2. - Iron-titanium constitution diagram, according 
to Lamort, with solubility line added as sug- 
gested by Seljesater and Rogers. 
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in steel. The effect of titanium addition in cast iron is chiefly to 
reduce the size of the graphite flakes. Owing to the closer grain of 
titanium cast iron, the strength is improved.5 to 25 percent, the Brinell 
hardness is increased slightly, and the mechinability is improved, It 
also acts as a graphitizer in cast iron, reducing the hardening effect of 
chill at thin sections and corners. .Titanium is thus a useful addition to 
chromium cast iron or vanadium cast iron, where it allows full utilization 
of the strengthening effects of these elements, The graphitizing effect 
of titanium accounts for the improvement it effects in the machinability 
of these cast irons, while its grain-refining effect maintains or increases 
their high strength. Comstock and Starkweather (11) have found that the 


soundness of sand-cast test bars of gray. cast iron is aaah when the 
iron is titanium-treated. 


——— me Spec eooore 


‘Krot2t166) meninea a saveed number: of alioys of titanium for their 
capacity for being rotled ‘and: their structure. - The hot-rolling property 
of titanium is. improved by additions of small quantities of the metals 
nickel, ‘iron, cobalt, and tantelum. Solid solutions are probable for 
the alloys wen molybdenum, tungsten, and Liat ical 


2 os seme 


wateatinetron Alloys Fe eg 


thie tron:thtantin: eoieeitucicn ‘ddegram, as reproducéd’ — s Gemabeccae) ; 
is shown in figure 2. This diagram has not been altered materially from 
the form proposed in ‘1914 by Lamort(175), who, it is beliéved, did not use 
pure materials in his investigation, A solid solubility line has been 
added according to the results reported by Seljesater.and Rogers in 1932 
(214). It can be noted from:the slopée-of the solubility line that the 
possibility of age-hardening is evident. Thus,:-titanium as an alloying 
element in steel can be used for hardening. and strengthening the austenitic, 
highly alloyed steels that are not. ins by. heat, treatment in the 
usual manner. : 


oe 
wae ap a oe > oo owe + mute 


Wasmht(2h8) tevbattonted “the ‘ability | of titanium: to) ies bp ceea ae 
“tation-hardening" and” the: influence of- addition elLemente on precipitation- 
hardening in iron-titaniumn alloys.. He showed that precipitation-h&ardening 
is produced at titanium contents’ Qf over 3 percent in these alloys, while 
at lower: “titanium contents: the: eadition of silicon or nickel is necessary 
for promoting precipitation-herdening ‘ the ‘effect of silicon being’ two to 
threa times as strong as that. of nickel. With decreasing cooling velocity 
~ (on cooling from: high temperatures: with -aubsequent annealing) of these 
alloys, the hardening ability decreases. Their critical cooling velocity 
is decreased by increasing either the titanium content or that of the ele- 
Ments PECMOEINE precipitation-hardening. 


A new 18-8. atainlesa. ‘steel, containing titanium (about 0.9 percent) 
as the ‘principal precipitation hardening | element has recently been reported. 


Norral and Bray (187) found that. tron. alloys containing 25 percent 
titanium have one-tenth the rate of corrosion of iron. 


1261 3,45. . 


Google 


1.6.6-"F50u | > 
Titanium-Copper Alloys 

Figure 3, reproduced by Hansen(142) , shows the copper-titanium con- 
stitution diagram, which resembles in a general way the iron- titanium 
diagram, The eutectic temperature is 878° C., and the eutectic concen- 
tration lies batween 20 and 27 percent titanium. Titanium forms an age- 
hardening alloy when added ‘to copper, The reason for the age- -hardenability 
is evident from the slope of the alpha solid-solution curve on the equilib- 
rium diagram. Hensel and Larsen's data(1hh) on the electrical conductivity 
of forged samples are reproduced in table 3, The quenching produces @ 
supersaturated solution and gives the highest resistivity values, while 


as a result of aging a precipitation of the substances held in solid 
solution occurs whereby the SOONER is Sere reduced. 


TABLE 3. - Electrical conductivity of forged pamples 


| ; | Quenched from 000 C. ed 10 Hr. at 100 C. 
Conductivity, | i Conductivity, 
| Resistivity, “percent: 


Resistivity, percent 
microhms per (Cus 100 | microhms per (Cu = 100 
Ti, percent CC. percent) _ CC. percent 
Oso peaaaraad nee 10.12 | “L737. . Deen els 
Cath sha swnban eee 23.6 | 748 | 9.077 ES 
Re eee eee Tee “4O.9h | 4 53 i 9. 062 19.66 


Typical tensile properties, as determined by Hensel and Tanai) 
on forged and heat-treated samples, are shown in table 4, 


TABLE 4. - Typical tensile properties 


ARO tt ORE Yield | Tensile | 
limit, |point, |strength, ‘Elongation, | 


Treat-|1b. per sq. !1b. per; 1b. per | percent Reduction, |Brinell 
: | i | percent ‘hardness 


04,300 | 


| | 49,000 i 75,000 , | 
; | 104,500 | 


bY 
S, 


a/ As quenched from 900" C. | 
b/ Quenched from 900° C. and aged for 8 hr. at 450° Cc. 
c/ Quenched from 900° C, and agéd for 16 hr. at 400° C, 


The age- hardening effects produced by adding small amounts of tita- 
nium to copper produce a large increase in the tensile properties. The 
proportional limit and the yield point are raised, in some cases, as high 
as 1,000 percent, while the hardness is increased only 100 percent. The 
increase in tensile strength is directly proportional to the increase in 
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hardness and the decrease in elongation, but the elongation values are 
Meh enough to make the attoy Bi desirable for structural purposes. 


“ Adexanaar (68) reported a. method of producing Cu-TL ‘eutectic alloys 
which utilizes the advantages:or powder metallurgy to. produce 4 fused 
alloy. Powdered titanium hydride and powdered copper. are. thoroughly mixed 
in the proportion of the eutectic composition, that is, titanium 28 percent 
and copper 72 percent. These are mixed in the bali mill until the dis- 
tribution of titanium hydride particles is perfectly uniform throughout the 
mass of powdered copper. The powdered mixture is then poured into 4 cru- 
cible and placed in a vacuum furnace. As the temperature reaches 878° C., 
the melting point of Cu-Ti eutectic, at the point of contact of copper and 
titanium particles there is the formation of liquid low-melting-point alloy. 


It is understood that a copper, chromium, titanium alloy whose approxi- 
mte composition-is 97 percent copper, 1 percent chromium, and @ percent ti- 
tanium is used in substantial quantities for making glass to glass and glass 
to ahaa seals. 


Titanium hag ‘been added to beryllium-copper where its function seems 
to be stabilization of the hardneas, at. higher temperaturés than could be - 
endured, without softening by the plain. beryllium-copper.. alloy. — This 
might offer a considerable advantage in such parts as welder contacts, 
where conductivity is essential as. well as. hardness on heating or in 
cco" Pe that mist maintain bcs icheoiaea properties | at temperatures above - 
Cov F pe ak, eer 


Investigators fave. chon that. ‘the. addition of ‘a Fadauia. imparts to 
copper additional tensile strength, which is retained. at high temperatures 
to a’ greater degree than that of several other copper ‘alloys... ‘This indi- 
cates that copper-titenium alloys might find consideradte, use in such 
aad as condenser tubes, boilers, one 


Titanium-Nickel. Alloys, ae 


Austin end | Halli well(76) showed that. nickel and. its alloys are hard- 
ened by titanium, Thus, titanium has been used to produce a hardenable — 
Invar., The Mond Nickel Co.(186) has patented an sera , having a low co-— 
efficient of thermal expansion, which consists of 34.4 to 60 percont nickel, 
1 to 5 percent titanium, 0 to 0.2 percent carbon, and. the rest substantially 
all iron. It has also patented(184) an age-hardenable alloy containing 38.5 
to 47 percent nickel, 1 to 4 percent titanium, 2 to 9 percent of a chromiun- 
like element: (of. which. at least 2 percent. is chromium), 0 to 0.2 percent 
carbon, and the rest substantially all iron, Talbot(231) patented an alloy 
suitable for ageshardening containing 39.3-to 44.3 percent nickel, 2 to 3.5 
Percent titanium, and 0,001 to 0.07 percont. carbon, together with iron, 
and having a minimum coefficient of expansion and inflection temperatures 
above approximately. ae F,, with high hardness exceeding about. 225 Brinell. 


nitantan: 4s: a sora iieee of ‘konei, an. alloy OL ferrots tanium, nickel, 
and cobalt, said to have: good mechanical strength at high temperatures, 
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when most other alloys suffer a great falling off.in strength, and thus 
capable of being employed with advantage in the moving parts of internal- 
combustion engines and similar duties where resistance to heat is required. 
This alloy was originally developed as a substitute for platinum in the man- 
ufacture of filaments for radio valves, Konel giving 10 times the life of 
other filaments, while valves fitted with Konel filaments are operated at 

a temperature some 175° colder than valves with platinum filaments, thus 
giving better reception results, Woldman and Metzler(251) give the formia 
for Konel as 73.07 percent nickel, 17.16 percent cobalt, 8,8 percent tita- 
nium, 0.55 percent silicon, 0.16 percent manganese, and 0.26 percent alumi- 
num. They give the following data for mechanical properties: Tensile 
strength, 100,000 1b. per eq. in.; yield point, 40,000; elongation, 33 
percent; reduction of area, 55 percent; and Brinell hardness, 140. A 
typical Konel alloy patented by the Westinghouse Electric & Manufacturing 
Co.(249) has the composition 73 percent nickel, 18 percent cobalt, 7 per- 
cent iron, and 2 percent titanium, — 


The chief use of titanium in nickel is as a deoxidizer or degasifier 
in welding. It has been found that titanium is almost indispensable for 
making sound nickel welds.. Titanium is widely used in the form of an 
alloy powder in nickel welding-rod coatings. ; 


Several. titanium alloys suitable for making strong permanent magnete | 
have been reported in the literature. One such alloy(83) contains iron, 5 
to 9.5 percent aluminum, 1 to 3 percent titanium, and 20 to 30 percent — 
nickel, Dehler(123) made permanent mgnets containing 9 to 13.5 percent 
aluminum, O to 19 percent cobalt, or 4 percent copper, 18 to 28 percent 
nickel or 4 percent titanium, and the remainder iron, with metal powders 
and a synthetic resin. These magnets are less brittle than cast magnets 
and can be made by mass production. 


Beryllium-titanium-nickel alloys have been studied by Hessenbruch(152). 
These alloys combine high strength with resistance to mineral acids, alka- 
lies, and organic materials. These alloys are used for springs, small 
tubes, etc. Claussen(98) has patented beryllium alloys suitable for rolled, 
vacuum-tight X-ray windows. These alloys, which are workable at about 500° 
C., are formed of beryllium in excess of 98 percent, a trace of oxygen, and 
the remainder titanium or zirconium chemically combined with at least part 
of the oxygen and serving to avoid embrittlement. | 

Titanium has been incorporated into alloys for use in gas turbines. 
One such alloy is a Westinghouse material, K-2-B, containing 42 percent 
nickel, 22 percent cobalt, 18 percent chromium, 2 percent titanium, and 
the halenés iron( 88). Ite tensile properties at 1,110° F. are approxi- 
mitely 80 percent of those at room temperature; hourly creep rates at 
1,000° F. and 50,000 pounds per square inch are of the order of 1.7 to 
2.8 parts in 10,000,000; resistance to oxidation and corrosion is excellent; 
electrical resistivity varies from 1]2 microhms per cubic centimeter at 
room temperature to 124 microhms at 1, 100° F.; and thermal expansivity is 
higher than that of ordinary steels ‘and approximately the same as that of 
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Figure 4. - Aluminum-titanium constitution diagram. 
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austenitic. steels up to approximately ‘Ll; , 125° F. K-L2-B is used in applica- 
tions requiring high-temporature strength, ‘plus resistance to: oxidation and 
dele tae The oxtremely low creep rate of K-42-B at. temperatures up to 
1,350° F. isa particular advantége for use as bladed”in. gas turbincs and 
superchargers. It is also used for ‘bolts a _springs, ; and furnace perts .sub- 
sect to high temporatures.- A new variety of Inconel,: » containing 7D percent 
nickel, 14 porcont chromium, 6 percént iron; 3 percent titanium, and 0.6 
coreant aluminum js now used for combustion chambors. of: jct-propulsion . 
cquipmont. "Tinidur" is a high-tempcrature alloy, containing 30. pore: 
nickel; 15 perccnt chromium, 1.8 percent titanium, ’©.10 percent carbon,.. 

and the balance iron, which was said to havo bocn: uscd by Gcormany for tur - 
bine blades, jct-cngine nozzles, and othor extreme service. ,An-alloy . 
called Nimonic, containing 73 percent nickel, 23.5 percont chromium, e. 5 
porcent titaniun, and the batence iron, was vecd oy ‘the British.: 


‘Titantum-Alusiinun Alloys : 


The aluminun-titanium enetieat ten diagram, as Mie by Fink and Van 
Horn(130), is shown in figure 4. It can be seen from this julegram that 
the liquidus intersects the pcritectic horizontal at 665.1° C, and 0.18 
percent titanium. The. hdrizontal, Line at 661.5° C. represents the peri- 
tectic reaction TiA15+1iquidsaluminum solid solution, Addition of titanium 
to aluminum gives a marked refinement of grain and conscqucnt incrcasc of 
strength ty affording a grceater number of nuclei at which crystallization 
bcgins. Ductility and soundness are also improved. It only takes about 
0.1 to 0.2 percent of titanium to refine the grain cnough for an,increaso 
cP 15 or 20 perccnt in strongth. This titanium contcnt: 1s casily obtaincd 
by an addition of about 2-1/2 pounds por hundred of a master alloy of 
aluminum containing 5 or 6 percont titanium. Tho prcsenco of titanium in 
tluminum dcatined.foer use as an electric conductor is definitcly undosir- 
eble since oven. very a pmeunve lowor the op ea 
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The zinc-rich pee eey of the. pine: titanium diearan, as detcrmined by 
Anderson and. associates(71), is-shown-in figure 5... They found alloys 
having potentially useful properties in the rolled form in the zinc- 
eaten tun system. The best practice in. tho manufacture of these alloys 

s to propare &@ zinc-titanium hardencr by adding about k percent of ti- 
textum motal to” molten zinc and holding under a boric acid. cover, with 
frc ‘quent stirrings ;'- ‘at 750° C. until the titanium hes dissolved. Tho 
desired titanium content can readily be obtaincd in.tho final alloy. by 
adding the coléulated amount of this hardener. A hot-rolled alloy -con- 
taining 0.10 to 0.15 percont titanium with a nominal 0.12 porcent titanium 
“abricated weil but fell’ slightly short of the commcrcial zinc alloys in 
dvawing properties. It was found that a final 50-perccnt cold-rolling 
would cause sufficiontly bettur drawing properties to.méxe the alloy of 
commercial intorest. The decrcase tn creep resistance: brought about. by 
this cold-rolling could bs ovorcomo by. subscquent amicaling. This alloy 
appears froe of work-hardcning in the cold-rolilod..statc. It seoms quite 
Tvasible, then, .t6 produce formcd articlos of good crvep rosistance from 
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these zinc-titanium alloys by using cold-rolled strip to facilitate drawing 
and relying on a final heat treatment to obtain maximim creep resistance. 


The system Zn-Tl was investigated thermally ‘and microscopically on 
the zinc side by Gebhardt(136). Zn-Ti alloys were prepared directly from 
" the pure metals. -In this system a eutectic occurs, close to pure zinc, 

- the eutectic témperature being 418° C. and the eutectic composition 0.15 
percent titanium, With higher titanium contents ‘the melting-point curve 
rises rapidly and reaches 1,000° C, at 5 percent titanium, Thermal anely- 
sis revealed two: peritectic transformation temperatures. -The solubility 
of titanium in solid zinc is extremely small at 400” Ce Zinc dissoives 
less than 0. ue percent ‘titeniun, yee 


. icebion: and Edmunds(72) Hava er alloys: of oeea strength formed 
of zinc together with about 0,2 to 6 percent titanium, about 7.5 to 48.5 
percent manganese, and about 0.02 to 5 percent aluminum, such alloys hav- 
ing an ability to retain a higher -proportion of their impact strength dur- 
ing prolonged heating at moderately high Kenpo nce a otherwise similm 
alloys cone no eee ee ad 


Mi tahtun-Ztrconium Adtoys 


De Beek and Clausing(120) examined the system Cri over the whole 
concentration range. Both metals form solid solutions as shown in figure 
63 the alloys can be worked, but they are less ductile than either con-. 
ponent. The specific: resistances are compiled in the following table where 
Co is the resistivity of titanium at a C. and » »(1007*o: 

ee 
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Miscellaneous Alloys 


Titanium has been incorporated into alloys for high-speed cutting 
tools, A number of patents have been issued for this purpose, among 
which may be mentioned the following one by Schafer(208), Hard alloys 
of high tensile strength are formed of iron, together with zirconium 10 
to 40 percent, columbium 3 to 20 percent, tantalum 1 to 8 percent, tita- 
nium 15 percent or less, and tungsten 25 oo or less. 


The use of titanium in sintered hard alloys for machine tools is 4 
relatively recent development. The carbide, nitride, and silicide may 
be used thus, All these compounds can be produced by the direct union of 
the respective elements at high temperetures. The relative proportion of 
the two constituent elements is a vital factor in obtaining the maximm 
hardness. Titanium carbide is more readily formed at a lower temperature 
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if tungsten is also presont. Titanium carbide is reported to bc harder 
than tungsten carbide but not as good a conductor of hcat. The use of 
titanium carbide in the tool is desirable only if maximum hardness is 
essential. 


A Krupp patent(169) covers the production of a hard alloy by sintering 
or melting together a mixture of equal proportions of titanium carbide and 
nitride to produce Working implements of every kind, particularly cutting 
tools. ‘The toughness of this alloy can be improved. by adding 7 to 10 per- 
cent of cobalt, when the sintering temperature is also lowered. Great 
hardnéss and strength are claimed. It has been reported that a sintered 
titanium-tungsten carbide material, corresponding to the formla WoTioC), 
was developed for use in-tipping tools, which are said to show excellent 
resistance to shock and cratering, and for use in the manufacture of 
nozzles, valve seats, die inserts, etc. ‘The Germans developed a super- 
cutting, nontungsten alloy during the recent war, which consisted of 
vanadium carbide (45 percent) and titanium carbide (45 percent) bonded 
with eevee tie nickel (te percent). 


Misc ellencous 


The products of partial reduction of the alkaline earth metal titanates 
have interesting and important electrical properties. If a mixture of Ti0s 
and -MgO ts reduced in hydrogen the resulting mass possesses a very high 
temperature coefficient of electrical conductivity. Before the war a 
commercial product of this kind called URDOX was produced in Germany. 
According to Meyer(256) the reduction product of CaO.Ti02 is practically 
& nonconductor at room temperature, while at 400° C. the conductivity in- 
creases to 150 x 10°) reciprocal ohms. 
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Mg-Al-Zn-Mn-Ti (0,5 to 1 percent. )) 

97. CLAUSSEN GERARD'E, Structure Comprising Gey an windows for X-Ray: 
Tubes. U. S. Patont 2,394,93h, Fobs Oy 1946. ee X-ray 
windows, ) 
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98. Beryllium Alloys Suitable for Rolled Vacuum Tight X-ray Windows. 

-U. S. Patent 2,306,592, Dec. 29, 19k2. (Alloys workable at 500° C 
contain Bo in excoss of 98 perécnt; a trace of Oo, and the rest Ti 
chemically combined with some of the Oo» ) 

99. COMSTOCK, GEORGE F; Boron plus Titanium in Hcat-Treatcd Stecls. 
Motals and Alloys, vol. 17, 1943, pp. 978-983. (The forroalloys 
Bortam and Carbortam aro used for adding B+Ti to stcels.) 


100. '. Titanium in Chromium - Ménganose Stainloss Stccl. Iron Age, 
vol. 156, No. 6, 1945, pp. 62-66.° (Ti increases yicld strength.) 
101, Alloys for Uso in Deoxidizing Iron and Stcel. U. S. Patcnt 


~—. @,295,706, Sopt. 15, 1942. (Alloys contain B 0.25 to 5, Ti 2 to 
25, Al 5 to 25, Mn 5 to 30, Si 10 to 40 porcent, and Fe tho rcst.) 

102. | Alloys Containing Titenium, ctc. U. S. Patents 2,146,330 and 
~~ 2,146,331, Feb. 7, 1939. (Al alloys containing Ti peoulre no 

| quenching or hoat-treatmont to attain high strength. ) 

103. Chromium - Titanium -’ Silicon Alloys Suitable for Use with Cast 
Iron, U. S. Patent 2,169,193, Aug. 8, 1939. (Alloys contain 
Ti.10 to 30, Cr 15 to 45, Si 20 to 45, Fc O.1 to 25, Al 0.1 to 
3 and C 0.01 to 1 percent.) 

lok, _ Gopper-Titanium-Silicon Alloys. Ue S, Patent 2,086,604, July 
13, 1937. (Heat-hardened alloys containing not yee l. 5 percent 
Ti and less Si than Ti have an eloctrical conductivity over 35 
porcent, Rockwell hardness above 65 E and a yicld point of at 
least 17,000 1b. por square in.) 


105. The Production and Industrial Uses. 6f Titanium, Motals and 
| Alloys, vol. 95 1938, pp. 286- 290, 314-318, (A correlatod 
abstract. ) 
106, Low-Carbon Forrotitanium Silicon Alloys. U. S. Patent 2,064,150, 


Dec. 15, 1936. (Alloys for. treating molten ‘stcol contains ie, 
Ti (38 to 42), Si (7. to 1), Al (2 to 5) and C Aes Ol te 0.12) 
percent, ) 

107. _ Effect of Variations in Composition and Heat-Trcatment on Some 
~ Proportics of 4-6 Perccnt Chromium Stool Containing Molybdcnum 
and Titanium, Trans. Am. Soc. Mctals, Preprint 4, 1945, 30 pp. 
(Ti:C ratios of 3.5 : 5.5 give improved mechanical propertics. ) 

108, Titanium in Gray Cast Iron. Iron Agc, vol. 131, No. 22, June 
1933, pp» 857-859 and Adv. p. 12. (Fe troated with 2 Bopcoae of 
an alloy containing Ti- S1i-Al- C Je 23 porccnt stronger than un-— 
treated Fe.) 

109. Tho Constitution of Iron-Titanium Alloys. Thc Motals Handbook, 

- Am, Soc. Metals, Cleveland, “1939, pp. 399- -400. (Equilibrium 

oe diagram Fe-Ti,) - 

110, A Study of Several Kinds of High-Strongth Plate Stecl. Mctal 
Prog., vol, 46, 1944, pp. 1248-1253. (T1 can replace V in high- 
strength, woldablc stecl plates.) 

lll. _ Some Intoresting Properties of Titanium Stecls. Jour. Am, 
Ceram, Soc., vol. 29p Jan. 1, 1946, pp. 1-7. (Titanium stcol 
has some more desirable properties than regular. onamecling stcel.) 

112, Copper-Titanium Alloys. U. S. Patont 2,189,198, Fob. 6, 1941. 

(A heat-hardened alloy suitable for welding - electrodc tips con- 

tains Cu, Ti about 0.6 to 1.5 porcont, Cr, and Si,) 
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ies eae The. Use of Titanium in ‘Stediuaing. Blast Fur. and Steel Plant, 
vol. 21, 1933, pp. 412- hd, LTB AHT5. (Considers use of titanium 
as a deoxidizer and @s an alloying element.) . 

11h, COMSTOCK,. G. F., and STARKWEATHER, E. R. .Comparative Effect of Late 

Additions of. Titenium and Silicon to Gray Cast Iron. Trans. Am. 
.Foundrymen's Assoc., Preprint 38-15, 1938, 17 pp. (Increasing 
- . . ferro-Ti additions gives increased-strength and hardness. ) 

115. ‘démetock, G. F., and WAINER, E... New Titanium Steel for Vitreous . 

“Enameling. _Iron Age, vol. 155, Na. 7, 1945, pp.. 60-63, 152-153. 

_ (Steel containing about 0.04 percent € should contain about 0.20 

. percent Ti to prevent the formation of gas and blisters.) 

116. DAHL, OTTO,. and PFAFFENBERGER, JOACHIM.: (Electromagnetic Apparatus. ) 
German Patent 676,677, sine 9,:1939;- (Alloys containing Fe 60 

ae Ni LO and. T4 3.5 percent can be hardened by thermal treatment, j 

117. (Electromagnetic Apparatua.) German. Patent 634,840,- Sept. 21, 
1556", (Alloys for making electromagnetic erparatus sent e. Ni 30 
to 85 and Ti 1 to 10 percent, the remainder being Fe.) 

118, DAVIS, JOHN R., STRAUSS, JERDME,. and DUNN, HOL2ERT E. Ferrotitanium . 

e Alloys: - “U5: o% Patent: 2,222,795, Nov. 26, 1940. (Method of making 
ferro-Ti: alloys involves adding to a charge,: containing Ti ore 
and a carbonaceous reducing agent, refractory material containing 
an oxide of Al or Mg and Mn or,:Si and ee the CheLee at about 
-2,000° Cs) | es 

119. DEAN, REGINALD S. Manganese Alloys. U. S, patent 2 267,298, Dec. 

23, 1941. (Mn-Ti alloys are made by dissolving Ti0s in molten 
electrolytic Mn, adding metallic Al, and distilling to BED aE Le: 
some of .the. electrolytic Mn from the Pig). - 

120. DE BOER, J. H., and CLAUSING, P. (The Electrical Resistance of Tita- 
nium, Zirconium, and Their Solid Solutions.) Physica, vol. 10, 

1930, pp. 267-269. (System Zr-Ti.) - 

121. DE GOLYER, ANTHONY G. Centrifugally Cast Alloys Suitable for Metal- 

_ Cutting Pools, etc. U. S.:Patent 2,213,207, Sept. 4, 1940, (Cen- 

' trifugally cast forms are produced from elloys containing W, Mo 
-or U5 to 30, B 0.25 to 5, zr or Ti 0.25 to 7, cower ee Fe. 5 
‘to.40 percent and the balance Co.). 

lee, _. Alloys Suitable for Metal Cutting Tools. U. S. Patente 2,147,63 

and 2,147,637, Feb. 21, 1939. (Precipitation-hardened alloys are 
. formed of Co (or Ni) together with B 0.5 to 4, Ti 0.25 to 7, and 

| W, Mo, or U 2 to: 30 percent.) 

123. DEHLER, H. (Compacted Magnets with a Synthetic-Resin Binder.) Stahl u. 
‘Bisen,vol. 62,1942, pp. 983-986. (Permanent magnets containing Al 9 
to 13.5, Co 0 ‘to 19 or Cu 4, Ni 18 to 28 or Ti 4 percent and Fe 
the rest are less brittle chan cast mgnets.) 

124, DEUTSCHE EDELSTAHLWERKE A.-G.:° (Alloy for Permanent Magnets.) French 
Patent 829,598, June 30, 1938. (The alloy. contains Co 1 to 35, 

, TL 3 to. 20 percent and Fe the rest.) 

125. ELECTRO METALLURGICAL CO. (Reduction of Ores Containing Rare Metals..). 
_ German Patent. 678, 505, July el, 1939. (Ores containing Cb, Ta, 
and Ti are reduced by Si or Si alloys to. give alloys predominat- 
ing in Cb.) 
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126, EN ENDO," HEKOZQ,, ‘and’ ETAGAET., “AKIRA, “(An Investigation of Aoid-Resisting .. 
ag “Alloys. VII: ~ “Research . for Nickel-Base Alloys: Resiatant to Hydro- 
chloric Acid of Various Coricentrations.) Nippon Kinzoki Gakkai 
‘St, Volt 3, 1939; DP. “294-313. (Cast alloys: containing - -30' per-. 
‘cenit: Mo"&nd 10 percent W or’5 percent V:and Fe. ‘or: 3 Peet Tr 
and Fe are resistant to acid.) 
127. EF IMOFF , “VIAFCHESLAY V, Deol ord tani vin-ehy ontubAdminum. Alloys. eas tse 
oe SR ’ Patent 2,266,745, Dec. 23, 191. (Alloys for addition to steel 
‘ contain ‘Fe* ‘together with Ti 35: to 45,:Cr 2 to aed Si L to 14, Al 
| 3 to,14.and less than 0.2 percent of C.))+_ : 
128, ~ETCHELLS, "HARRY; Alloys. British Patent 531, 466, Jan. 6, 19Ma's » (Alloy 
; comprises Ni 25 to 50, Cr 1). = 20; moe 2. D to 5% 0, ri 0. ae to l. ae 
_ percent, Fe the rebt. }- . 
129. PAST; Te D:. (The Transition-Point Diagram of the pAeeBat met canton 
‘7 System) Rec. trav. chim, vol. 58, 1939, pp. 973-983.'- (Solid 
- solutions’ of Zr and T4 Have a: transition: -~point minimum, At.545° £.)-. 
130," FINK, W,, Li, and VAN HORN, K. Rs. Constitution of Aluminum-Titaniun 
ar Alloys. ’ The Metals Handbook. - Am, Soc. Metals, Cleveland, 1939, 
| pp. 1233-1234, (Equilibrium diagram. Al-Ti.) — 
131. FINK, WILLIAM L., VAN HORN, KENT R.,° and BUDGE, P.M. ‘Constitution .: 
of High-Purity Aluminum-Titanium Alloys. - Am,:.Inst, Min. and Met. 
Eng. Tech. Pub. 393, 1931,:18 pp. - (Thermal, microscopic, and 
‘X-ray studtes of high-purity aluminim-titanium. alloys.) Sees 
l3e. .FIRTH, THOS., and BROWN, JOHN, LTD. (Iron Alloys.). French Patent 
Bah, 883, Dec; 5, 1938, (Alloys having good mechanical-properties 
| at high temperatures contain Ni 20 to 40, Cr 6 to 204 Co 10 to 30; 
‘" -" Ti 1.to 5, Cu up to 0.6 percent and Fe the: Yrést,) -: nO: 
1356: F ISHEL, We Poy and ROBERTSON, BRISON.” “Distribution: of Catan ‘between 
7 Titanium and Iron‘ tn Steels. Am, Inst. Mining Met. Eng., Tech. 
Pub. 1763, 1944, 4 pp. (In Fe-Ti-C steels, practically 100 per- 
cent of the Ti ig. present & as TL C. Af the wt. ated of Ti: ¢ ini 
the alloy is less than 4, 
134. GAUTHIER, GASTON; Aluminum-Base adtey: itth becescuiee Beating: U. S. 
| Patent 2,376,681, May 22, 1945,°. ‘(Coating Al-Cr-Cu-Mg-Ni-Zn alloys 
“with corrcsion-reststant ” Al -Mn-ViZn- Zr-Ti alloys.) 

1356 ‘Improvement of Cast-Aluminum-Magnesium Alloy& by Additions of 
Beryllium and Titanium, Foundry’ Trade Jour., vol. 59;::1938, pp. 
373-374, (The alloys are use!‘in machines for casting under 
pressure. ) 

136, GEBHARDT, ERICH. (The Systems Zine-Titanium and Zine-Zirconium, ) 
Ztachr ‘Metallkunde, vol, 33,° igh, PPs, (599- 357+. “haute 
diagram of the system Zn-T1. ) 

177. GMELIN, L. Handbuch’ der anorganischen Chemie. 8th ed. ‘Vorlag Chemie, 

i Berlin, 1937, System 35, Part A, No.5, Pp. 827-836. (Preparation, 
' tensile strength, hardness, ete., of Bluniinum-titanium alloys.) 
138, * GOTTHARDWERKE A. -G." Fur elektrochemische Industrie. ‘(Reduction mte--. 
“rial front Alumina ~ Contéining Crude Materiel for Reducing Oxidic 
Metal Compdunda.) Swiss Patent 214 553, Aug. 1, 1941; Chem, Abs., 
/ vol. 36, 1942, p. 4796, ‘(An alloy used for final dcoxidation of 
steel contains Al 45 to 60, Si 20 to 30, ah 8 to 1 percent and 
Fe the rest.) 
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139. GROSSMAN, CORNELL JZ. Alloys for Casting Dentures, Etc., U. S. Patent, 
2 171, Tuk, Sept..5, 1939. (Co is used together with B 0.5 to 15, 
Ti 1 to 30, and Cr, 3 to 45 percent.) 

140, GRUTZNER, A. Aluminum. Legierungen. Suppl. 1, Part 1.-: Verlag Chemie, 
Berlin, 1939, pp. 368-469. AAL-TH alloys, (Supplement to part A 
in Gmelin, )) 

141,. GUILLET, L. (Copper: alloys and Seructnal Quenching. ) Cuivre et 
laiton, vol. -10, 1937,. pps. 321-322.. (Limit for solid solutions 
of Cu with Ti at 878° C,. 4s 4. > percent Ti; at ordinary tempera- 
ture 0.4 percent Ti.) 

142. HANSEN, M. Der Aufbau der Zweistofflegierungen. J. Springer, Berlin, 


143, HENSEL, FRANZ R.. Magnet Material. U. S. Patent 2,167,240, July 25, 
1939. (For a strong permanent magnet, an alloy consisting basic- 
ally of Ni, Ti, Co and Fe is made by the hydride process.) 

14), HENSEL, F..R., and LARSEN, E, I. Age-Hardening Copper-Titanium 
Alloys. Trans. Am. Inst. Min., and Met. Eng., Inst. Metals Divi- 
sion, vol. 99, 1932, pn...55-64. (Thermal and X-ray investigation, 
aging tests and physical properties.) 

145.  HERAEUS. - VACUUMQCHMELZE A,-G, _ (Nickel Alloy for Surgical Needles and 
Similar Instruments.) German Patent 707,233, May 15, 1941. (Alloy 
contains up to.5 but preferably up to 3 percent, Ti.) 

146. (Heat-Resistant Alloy.) German.Patent 735,990, Apr. 22, 1943. 
(For parts having to withstand temperatures above 600° C. are 
tee alloys of Cr-Fe-Mo (or W) >4 Mo- Si-Ti (Q.3 to 20 percent) and 
Ni. 

147. (Alloys for Springs. )-- fiend Patent 820 ,517,. Nov. 13, 1937. . 

(Alloys capable of being .hardened by heating contain Be up to 2.5, 

Co — 60, Fe 73 to 20, Ti or. SL 0.5 to 10 Pergent and Ni the 
rest 

148, Magnetizable Metals. Britiah. ‘Patent 163, 901; Apis 8, 1937... (A 
constant and stable permeability :are obtained in weak magnetic 
fields for alloys containing Ni, Fe, and,Ti.) .; 

1h9, (Highly Heat-Resistant Chromium-Nickel.- ‘Alloys, ) German Patent 

730,630, Dec. 17, 1942. (Alloys:‘of -Ni-Cr-Fe-Mo (or W) -Mn-Si 
containing 0.43 to 20 percent Ti are: uBee. zor parts exposed to 
500-900° C. and higher.) 

150. HERAEUS - VACUUMSCHMELZE A.-G., and ROBN, ‘WILHELM, (Titanium Alloys.) 
German Patent 642,910, Mar. 19, 1937. (Tide is,reduced with Ho 
in the presence - of @-metal of the Fe group ‘or.Cu.) 

151, HESSENBRUCH, WERNER. (Beryllium-Copper Alloy.) German Patent 672,170, 
Feb. 2, 1939. (A hard Be-Cu alloy is. obtained: Dy: substituting 
part of the required 5 percent Be by Ti.). 

152. (Beryllium and Beryllium alloys.) Motallwirtachart, vol. 17, 
1938, pp. 541-547. (Be-Ti-Ni alloys combine high strength with 

. resistance to mineral acids, alkalies, and,organic materials.) 

153. (Copper Alloy.) German Patent 671,973,:Feb,-18, 1939.- (An 
alloy for casting matrixcs consists of Be 0.5-to 3,5,.one or 
more metals as follows: Fe 0.2 to 5, Ni 0.2 to 20, or Co 0.2 to 

_10 percent and the rest Cu. Ti in amounts of 0.3 to 5 percent 
may be added.) : 
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HOWE, GOODWIN H. Alloys for Permanent Magnets. U. S. Patent 2,264,038, 
November 25, 1941. (Alloy contains Co 30 to 36, Ni 16 to 25, Th 6 
to 12, Al 5 to 7 percent, and Fe the rest.) 

HUBER ES SIGMUND ACHL-ES FEMARGUYAR ana BELA VECSEY. (Iron-Silicon - 
Titanium Alloy). Hungarian Patent 117,323, Dec. 1, 1937; Chem. 
Abs., vol. 32, 1938, p. 2897. (Slag from an Fe alloy, containing 
Ti 10 to 25 percent: and St: ‘LO to 50 percent, contains ca recover - 
able Tie) «°°: 


-IRMANN, R. (Cast Alloy. of Aluminum-Copper-Titanium.) | Metallwirtschaft, 


vol. 20, 1941, pp. 809-814, (A:cast alloy of Al-Cu-Ti containing 
0.1 to 0. 3 percent Ti:and 4.5: pereent Cu is used as a substitute 
-for forged parts made of Al. malleable alloys.) . 

JONAS, GOTTFRIED B. Permanent.Magnets Suitable for Specified Heat- — 
Treatment. U. S. Patent 2,245,477, June 10,1941. (Magnets 
formed. of Fe together with Nt. abopt.16, Co about 25, Ti about 
2.8 to-h.5 and Al 5.1 to 7 percents) 

JONES, WM. I. Metal Articles or Masses, : British Patent 530, 996, Dec. 
OT, 1940. (Al alloys sintered with. titanium hydride.) | 

KAMURA, HEIHACHI. ‘Method of Manufacturing: Magnetic Iron and, Steel. 

U. S. Patent 2,026,390, Dec. 31, 1935, . (Comprises mixing tcgether 
Fe of low C content, high-P reduced. Fe, & smal) amount of Ti, and 
melting. the mixture. ) 


KASE, TSUTOMU, (Metallic Cementation ‘VIII, Cementaition. “of Some Metals 


by means of Ferro-titanium Powder.) Kinzoku-no-Kenkyu, vol. 13, . 
/ 1936, pp. 50-59; Chem. Abs., vol. 30, 1936, Pe 338C.. (‘Pulverized 
- Fe-Ti alloy was used to study the penetration or ‘Ti into Fe, Ni, 
. and Cu at various temperatures between 800° ‘and 1300° ¢.) 
KIMPFLIN, GEORGES. (Aluminum Alloys,) Gonic civil, vol, 118, 1941, 
' pp. 238-241, (Composition, manufacture, physical behavior, and 
mechanical properties of Al alloys of low Ni and low Ti content.) 
KROLL, WILHELM, (Titanium Alloys.). German Patent 716,822, Feb. 26, 
1942... (An alloy of 10 to 60 percent of Ta, Cb, Mo, W, Zr, or v 
and the rest Ti is resistant to corrosion and hag a high optical 
reflectance. ) ce 

- (Age-Hardening Copper-Titantum Alloys. ) Ztschr.. Metalliunée ’ 
vol. 23, 1931, pp.. 33- “SH. ts. 

Tron-Titanium Alloys, British Patent 352, 964, ‘Feb. 16, 1929. 
~  (Fe-Ti alloys (3 to 6 —— Ti) are hardened and. then. aged by 
annealing. ) 

- (Useful Titandum Mivope. ) ’ Motallwirtechart, ee 9, 1930, 
pp. 1045- 1045. ‘(Fe-Ti alloys. can be rolled and. used as alloy 
steels.) 

(Deformable Alloys of ree) “Ztechr. Mctallkunde, vol. 29, 
1937, pp. 189-192. (The most dyctile alloys were made with Ni, 
Fe, Cu, Mo, W, and Ta;- influence. ai impurities on the hot malle- 

- ability of Ti. 4 
KRUPP, FRIED.,A.-G. (Alloy for Cutting ‘and Hot -Working Tools.) German 
Patent 734,392, Mar. 18, 1943. (Alloy contains C-W (or Mo) -Co- 
Cr-Fe and Ti.) 

‘(Alloy for the Working. Parts. of Cutting Tools. ) German Patent 
"733,126, Feb, 18, 1943. (An-alloy of C 1.5 to 3, Co 35 to 55, W 
12 to 25, Cr 20 to 35, T1.0.5 to 6 percent and. the rest Fe is uscd | 
for cutting tool edges.) | 
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Tool Alloys. British Patent 365,895, June 16, 1930. (A hard’ 
tool alloy consists of a mixture of Ti carbide and Ti nitride 
sintered together, ) _ 

Pormanent-Magnet Alloys. British Patent 52h, 420, Auge 6, 1940, 
~~ (Fe-Co-Ni-Ti magnot alleys with Al or Zr present.) 

(Alloys for Pcrmancnt Magnots.) French Patent 849,214, Nov. 16, 
~~. 1939. (Alloys contain Ni 5 to 40, Ti 0.5 to 20, Co 0,5 to 40, Al 
0.5 to 10 porcent and the rest Fo.) 

KUSAKIN, P, S, (Obtaining Cuprotiteanium and the Effect of Adding It 
ie Alloys of Nonferrous Metals. ) Ural, ekii Gosudarst. Nauch- 
Ipsledovatel. Inst. Tavétnym Metal. Sbornik Nauch. -Issledovatel. 
Rabot, no. 1, 1935, pp.-95-109; Chem. Abs,, vol, 31, 1937, p. 3€54 
(Reduction, of Ti05 with al‘on a Cu bath at 1500° on j 

KUZNETSOV, A. A. (The Effects of the Coercive Force and the Residual 
Induction of the Material’ on the Magnetic Moment of a Linear Mag- 
net.) Vestnik Elektroprom., nos 3, 1938, pp. 47-51. (The de- 
magnetization curves are ‘given for an Fe-Co-Ni-Ti-Al-alloy con- 
taining Co 27.2, Ni 17.7, Ti 6.7, and Al 3.7 percent.) 

LAMORT, J. (Ti tanium-Tron Alloxs. y Ferrum, vol. 8, 1914, Pe 29. 
(Equilibrium diagram Fe-Ti.)-: 

LAVES, F., and WALLBAUM, H. J. (the Crystal pieuteus of Titanium 
Alloys. ) Naturwissenschaften,. ‘vol.'27, 1939, pp. 674-675, 

LOBANOV, I. E. (The Effect of the Addition of Carbotitanium or the 
“Properties of Cast Iron.) .Liteinoe Delo, No. 10-11, 1939, pp. 
28-31; Chem, Abs., vol. 36 ‘LOKE, py 3764. (Addition of carbo- 
titanium to cast iron produces finer graphite precipitates and 
a differentiation of pearlite.) 

LOWRY, ERWIN F. Cobalt ‘and Nickel Alloys Suitable for Use at High 
Temperetures. U. S. Patent 2,121,759, June 21, 1938. (A Co- 
Ni-base alloy is formed containing Co and Ni toaether 80 to 95, 
the Co being 45 to 85, Fe 20 to 5, and Ti 1 to 10 percent.) 

MCLOTT, WM. C, Chromium-containing Alloys Suitable for Coating, Bondir 
or Edging Various Steel Articles. U. S. Patent 2,321,227, June 8, 
1943. ‘ala are formed of Fe-Cr-Mo-Cu-Mn-Ti (0. 3 tol. y percent 
- C-Si. 

MALKOV, L. P., and VASIL'EVA, V. V... (Oxidizability of" Solid Alloys 
on Heating.) Legkie. Metal, vol. 6, No. 5-6, 1937, pp. 42-45; 
Chem. Abs., vol. 33, 1939, pe 373. (T1-Cr-W, alloys are most 
stable when hot; increasing the iia content of an alloy increases 
its strength.) i 

MALLORY, P. R. and CO,, INC. conser pac: Alloys. * British Patent 
512,143, Aug. 30, 1939. (Hdrd.alloys are made by quenching a 
cast material containing Ni 0.6 to,7, Si 0.2 to 5, Cd 0.1 to 10 
percent and Cu the rest. The material may contain Ti up to 5 
percent, ) 

MASUMOTO, HAKARI, and YAMAMOTO, TATUZI. (Magnetic Alloy.) Japanese 
Patent 133,864, Dec. 14, 1939. (To an alloy consisting of 6 to 
12 percent Si, 3 to 10 percent Al, 81 to 90 percent Fe is added 
Sn 0,1 to 10. 0, Ti 2 to 10, Pb 0.1 to 2.0, and Po 0.1 to 2.0 
percent. ) 
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183. MEERSON, G, A. The Formation of Solid Solutions in the System Tita- 
nium-Oxygen-Carbon and Conditions for Obtaining Titanium Carbide 
_ for the Production” of Hard Alloys. Ann. sect. anal. phys.-chin., 
Inst. chim. gén:,,(W.S.S.R.), vol. 16, No.1, 1943, pp. 197-219; 
Chem. Abs,, vol.::39, 1945s Pe 45106 “(Tic for hard alloys by 
heating TiO, with C.) : 

184, MOND NICKEL CO., LTD. Nickel- ‘tron-Chromium Alloys. ' Brit. Patent 
543,653, Mar. 6, 1942, (An age-hardenable alloy contains Ni-Ti- 
Cr-C-Fe, with 1 to 4 -percent: T1. ): 

185. MOND NICKEL CO.,-LTD. Permanent Magnets. British Patent 5li1, 47k, 
Nov. 27, 1941. (Obtained by hot-forging a cast alloy containing 
Al 5 to 9, Ti 1 to 3,.Ni 20: to’ 30 percent and Fe the rest.) 

166, MOND NICKEL CO., LTD. Nickel-Iron Alloys. British Patent 540,357, 

«Oct. 14, 1941. (Alloys having a low coefficient of thermal ex- 
pansion consist of Ni°. Bh 4 to 60, Til to 3s CO to 0.2 percent 
and Fe the-rest.) © 

187, MORRAL, F. R., and BRAY, Je L. The-Anodic Solution of Alloys. Trans. 
Electrochem, Soc., .vol. 75, 1939, 14 pp. (preprint.) (Fe alloys 
containing 25 percent Ti -have.1/10 the rate of corrosion of Fe.) 

188, NAGURO, KAZUTAKA, and OTHERS, (Hard Alloys.) Japanese Patent 130,835, 

June. 29, 1939, (An Fe alloy. suitable for cutting tools contains 
0.3 to 3.0 percent. ft Or ee 

189. NEKRYTYI, S. S, (Carbotitan.): Liteinoe Delo, vol. 8, No. 10, 1937, 
pp. 44-46; Chem. Abs.,.vol. 34, 1940, p. 6207. (The desirable 
action of "Ferrocarbotitan" in the Fe melt depends upon. its con- 
tent of Ti and. Al.) . | 

190.. NISHIMURA, HIDEO, and MATUMOTO, EITARO, (Effect of Titenium and Iron 
on Aluminum-Silicon Alloys. ) (Suiyokwai-Shi, vol...10, 1939, pp. 
105-112. (When 0.5 percent Fe is present’ with Lee “the refining 
effect.of metallic’ Na is overcome by the growth of the ternary 
compound Alz Fes Si2.) 

191. NISHIMURA, HIDEO, and MATUMOTO, EITARO. (The Equilibrium Diagram of 
the Alwininum-Tron- Titanium System and the Segregation of Iron 
and Titanium.) Nippon.:Kinzoku Gakkai-Si, vol. 4, 1940, pp. 
339-343. (In the Al-Ti system there is a peritectic point at 
0.05 percent Ti-and at 665° C.) 

192. NORRIS, GEORGE L. Alloys for, Addition to Iron and Steel. 0. °S3 

| Patent 2,139,515, Dec. 6, 1938. ‘(Alloys used as scavengers 
contain Si about 25 to 60, .Ti-about 5 to 25; Zr about 5 to 25, 
_ C not over 4 percent and Fe the rest.) | 

193. OTA, KIYOSI. (Cold-Pressing Rolls.) Jepanese Patent 132,201, Sept. 
19, 1939.) (An Fe alloy having a shore hardness of. 110°: contains 
0.10 to 5.00 percent Ti.) . 

194. PARKER, E,.R, The Development of Alloys for Use at Temperatures above 

| 1000° F; Trans. Am. Soc. Metals, vol. 28, 1940, pp. 797-807. 
‘(High-temperature strength in the Fo-base alloys containing Mo, 
Cb, and Ti peanenee the pEoeae es a critically dispersed stable 
compound. ) me 
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PHILIPS, N. V. GLOEILAMPENFABRIEKEN, Alloys foe: Bormanent washers: 

: British Patent 501, 672, Mar. 3, 1939. (Alloy contains Ni 22.1 
‘to ‘Se, CO 165 to 15; TL 0.5: tos ‘Ty Al -5 to 12, with or without 
'Cu'0.5 to 8 percent, and the remainder Fe.} 

(Permanent Magnets.) French Patent 845,381, Aug., 21, 1939. 
‘(Ferromagnetic alloys of Ni, Co, Al, and Fe with Cu and (or)}.at 
most 8 percent Ti are used for -permanent magnets, ) 

Alloys for Permanent Magnets. British Patent 471,051, Aug. 20, 
~ 1937, (Magnets are made of alloy steel containing Ni 10 to.30, 
Co 4.5 to 30, and Ti 8.1 to 15 percent.) 

(Alloys for Permanent Magnets.) Fr. Patent 802 ,5e8, Sept. 7, 
1936. (Alloys contain Ni 16, Co 28, Fe-Ti -46 percent, ‘and Fe | 
the rest.) 

(Alloys for Permanent Magnets.) Fr. Patent 802 956, Sept. 19, 
~ 1936, (Alloys contain Ni 1 to 255 Al 7 to 15, TH 0.5 to 5 per- 

cent, and Fe the rest.) . 

PILLING, NORMAN Bs, and MERICA, PAUL dD. ‘Copper-Nic! cel - Ti taaiinck Vieys. 
U. S. Patent 2,102,238, Dec. 14,°1937. (Alloys of good strength 
and hardness contain Cu, Ni 2 to 50,:and Ti 1 to 10 percent.) 

PILLING, N. B., and TALBOT, A. M. Dispersion-hardening Alloys of 
Nickel and Iron-Nickel-Titanium, Am. Soc, Metals, Symposium on 
‘Age Hardening of Metals, 1939, pp.231-257. (The hardening char- 
acteristics of Ti in Fe-Ni alloys are developed with particular 
application to the elastic strengthening of Invar and Elinvar.) 

POLZGUIER, FRANZ. Permanent Magnets. U. S. Patent 2,227,946, Jan. 
7 1941. (Alloy contains Fe together with Co 40 to 26, Ni 16 to 
20, Ti 6 to 8, and Al 4 to 6 percent.) 

RABINOVICH, F. M. (Aluminum-Titanium Alloy.) (Russian Patent 43,737, 
July 31, 1935. (Ti0o is introduced into the electrolyzer where 
Al electrolysis is carried out directly before the pouring of 
‘the metal. ) 


ROHLAND, WALTER. (Beseneat Magnet.) German ‘Patent 699,295, Oct. 


31, 1940, (An alloy for making permanent magnets has the com- 
position ¢ Oto O.4, Ni 9 to 38, Ti 1 to 14, Cb and (or) Ta 0.5 
to 11, Si 0 tol. 8 percent, and Fe the remainder: ). 

ROHN, - WILHELM, Iron Alloys.: Us S. Patent 2, O71 ,942, Feb. 23, 1937. 
(Description of method of forming-low-C Fe alloys containing Ti.) 


ROHN, WILHELM, BOLLEWRATH, FRANZ, and CORNELIUS, HEINRICH. Valves for 


Internal -Conbustion Engines. U. S. Patent 2,246,078, June 17, 
1941, (Co-Ni-Fe-Cr-Mo (or W) alloy plus Ti for exhaust valves 
in combustion engines. ) te 

ROLLA, LUIGI, and JANDELLI, ALDO.: (Rare Earth Metals and their 
Alloys. Alloys of ‘Lanthanum and Manganese.). Ber., vol. 75B, 
1942, pp. 2091-2095. (Orienting experiments with La-Ti alloys 
presented difficulties because of the vaporization of La as the 
temperature approached the melting point of Ti.) 

SCHAFER, CHARLES J. alloys for High-Speed Cutting Tools and the Like. 
U. S. Patents 2,301,082, Nov. 3, 1942 and 2,307,960, Jan. 12, 
1943. (Alloys of Fe-Zr-Cb-Ta-Ti and Fe-Zr-Cb-Ta-Ti-W, with 15 
percent Ti or less, used for cutting tools.) 
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SCHMELLER, EDWARD A. Aluminum Alloys. U. S. Patents. 2,189,834 and 
2,189,835, Feb..13, 1940. (Al alloys.of good strength and work- 
ability contain Ti or ferro-Ti, together with Cu, Sn, Zn, Mg and Cr.) 

SCHULZE, A. (Materials for Resistance Manometers.) Arch. tech. 
Messen, 19h2, pp. J 136-139; Chem,’ Abs.., vol. 39, 1945, p. 4825. 
(Au-Ti alloys for resistance manometersa.). 

SCHUMACHER, E. E,, and ELLIS, W. C.: Age Hardening of Copper-Titanium 
Alloys. Metals and Alloys, vol. 2, September 1931, p. lll. 

. (Effect of heat-treatment on’ the hardness and electricel. resis- 
tivity of Cu-Ti alloys.) 

SCHWARZ, MAXIMILIAN: V, (De termination: of the Cavitation Resistance of 
Beryllium-Containing Alloys by the Water-Drop Method.) Ztschr. 
Metallkunde, vol. 35, 1943, pp. ..76-78»: (Resistance of alloy 
containing Ni 97, Be 2, and Ti.1 percent is. exceptional. ) 

SELJESAETER, KAARE S,.. Ferrous Alloys for:Magnets. U.,-&. Petent 
2,087, 336, July 20, 1937. (A ‘permanently magnetic eae! contains 
Fe with about 3 to 9 percent Ti.) . 

SELJESATER, K. S., and ROGERS, B. A. Iron-Titanium Alloys. Trans. 

| Am, Soc. Steel Treating, vol. 19,-1932, pp. 561-564. 

SIEMENS AND HALSKE A.-G. Magnetic Alloys. . British Patent. 462,248, 
March 1937. .(A permanent magnet is formed from a C-free Fe 
alloy containing Ni 20 to 40, Al 10 to 15, and Ti 0.7 to 5 
percent. ) 

(Magnetic R1loys.) - French. Patent: 813,03h, May 25, 1937. vr 
for permanent. mgnets contain Co 30 to 56, Ni 16 to 20, Ti 6t 

10 percent, Fe, and Al.) - 

Magnetic Alloys. British Petent 476, 702, Dec. 14, 19357. .(Per- 

qenent mgnets are made from Fe alloys containing Co 30 to 36, 

Ni 16 to 25, Ti 6 to 12. percent, and Al.) , 

SOCIETA ANON, PROCESSI PRIVATIVE ‘INDUSTRIALI. (Improving Iron- 
Beryllium Alloys.) British Patent 514,593, Nov. 13, 1939. 

(Into Fe-Be alloys containing..1 to 3 percent. of Be is introduced 
“Mo up to 1.5, Ma up to'5, W up to 5, a ada or Cr up to 5 
percent. ) 

SOCIETA ANON, PROCESSI PRIVATIVE -INDUSTRIALI. ‘(Beryllium Alloys.) ° 
Australian Patent 107,549, May 25,. 1939. Ti induces the diffusion 
and homogenization of Be in Be‘alloys and crystalizes in a similar 
system the Be.) <. 

. ING BUDERUS A. G.. (Alloy.). German Patent 652,061, 
Oct, 25, 1937. (An alloy capable of hot or cold working consists 
of Ta 3 to 50, C 0.1 to 4, Cr. (or Ti) less than 10 percent, and Ni.) 

(Alloys Resistant to Corrosion. ) . French Patent 810,576, Mer, 

“2h, 1937. {Alloys contain C less than 0.5, Mn 0.4 to 0. é, Si 

0.2 to 3, Cr 20 to 50,: Mo 1.8 to 4, TL 0.5 to 3.5 percent, and 

Fe the rest.) 


STAHIWERKE RIGHLING RUDERUS A.-G,, and KROPP, ALFRED. Iron Alloys. 


British Patent 473,201, Oct. 7, 1937. (Forks, spoons, dishes, 
etc., are made from Fe alloys ‘containing Mn 12 to 209 Cr 3 to 15, 
Cu 0. o to 10, and Ti O to 5: Bere ate) 
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223. STALHAUE, BERTIL. (The Possibilities for the Production of Ferro- 
OR gi titanium from Titaniferous Iron Ores.) Tek. Tid., Uppl., vol. 
A61, 1931, pp. 609-610; Chem. Abs., vol. 27, 1933, p. 49. (Re- 
duction. of Ti0g with Al is performed directly tn the steel bath.) 

224, .STARKWEATHER, E. R. Titanium in Cast Iron. Trans. Am. Foundrymen's 
Assoc., vol. 45, 1937, pp. 816-850. (Ti increases the tensile 
strength’ of cast. Fe, renders the Fe more machinable, acts ag a 
deoxidizer, and exerts a graphitizing effect.) 

ec5. STEINBERG, RALPH H., and STEINBERG, DAVE. Nitriding Ferro-Alloys. 
Part. 2. Metals and Alloys, vol. 20, 1944, p. 630. (Ferro- 
titanium absorbs ae 19 percent nitrogen when treated for 1 hr. 

at 1,2909 F.) 

226, STEINBERG, S. S. and KUSAKIN, P. S. (Attempts to Obtain Ferro- 
titanium. ) Inst. Econ. Mineral Met., Moscow, No. 43, 1929, 
pp. 5-44. (Determined the conditions of C reduction of ores 
rich in Ti0p in the process of preparing ferrotitaniun. ) 

227. STEVENS, ARTHUR H. Alloys for the Production of Alloy Steels. 

. British. Patents 561,407, May. 18; 1944, and 561,592, May 25, 
1944. (Al-Be-B-Th-Zr-Ti alloy a for steel menufacturé.) 

228, STRAUMANN,. REINHARD. - (Alloy.). German Patent 649,811, Sept. 3, 
1937. {An alloy for spiral watch springs, etc., consists of 
Ni 30 to 38, W, Mo or Cr 5 to 10, Be 0.5 to 2, Ti 0.5 to 2, 

Si and Mn 1 percent, and the rest Fe.) 

229. STRAUSS, JEROME, and DUNN, HOLBERT E, Ferrotitanium Alloys Suiteble 
for Addition to Iron or Steel. U. S. Patent 2,287,712, June 23, 
1942, (Alloys contain C-Ti-Zr-Mn-Fe-Si-Al. ) 

230. Ferrotitanium Alloys. U. S. Patent 2,222,805, Nov. 26, 19hO0. 
"(Method involves molting a chargo containin: Ti ore, a refractory 
matorial containing 4 substantial amount of an oxide or Zr or Be, 
and a carbonaccous reducing agent. ). 

231. TALBOT, ALBERT M. Age-Hardenablic, Low-Expansion, Nickcl-Iron- 
Titenium Alloys. U. S. Patents 2,266,481 and 2,266,482, Dec. 
16, 1941. (Alloys suitable for age-hardening contain Ni, C, 

Fo and 2 to 3.5 percent Ti.) | 

232. TAMA, MANUEL. Induction ‘Furnace for Melting Aluminum. Mech. Ing’. , 
vol. 66, 1944, pp. 731-736. (Manufacture of AL-TL alloys in 

| the induction ‘furnace. ) = 

233. THUM, E. E. The Book of Stainless Stcel.: Am. Soc. Metals, 1935, 
“pp. 243-244, 248-250, 264, 507-308, 385,401, 438. (Effect of 
Ti on 5- and on 14-porcent Cr stcol, on 16- 18 percent res 
and on 18-8 Cr-Ni stcel.) | -« 

234. TITANIUM ALLOY MFG. CO. Deoxidizing Steel, Iron, and Their Alloys. 
British Patcnt 562,642, July 11, 19h. (Dooxidizing alloy for 
stcel contains Ti-B-Al-Mn-Si-Fc.) : 

235. TITANIUM ALLOY MFG. CO. (Iron Alloys.) French Patent 802,096, 

Aug. 26, 1936, (Alloy contains Ti 15 to 25, C 1.5 to 5, Si hot 
more than 3.5, and Al not-more than 3 percent.) 

236, TITANIUM ALLOY MFG, CO. Alloy for use in Degasifying and Purifying 
Molten Steel. British Patent 452,092; Aug. 17, 1936. (Alloy 
contains Fe, Ti 15 to 25, C 1.5 to 5 percent, Si up to 3.5, 
and Al up to 3 percent.) 
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Ww .- : 
e3{.- TOFANTE, W., and BUTTINGHAUS, A. (The Iron Corner of tho Systcm 
Iron-Titanium-Carbon.) Arch. Eisenhuttenw,vol. 12, 1938, pp. 
33-37. (The Fe-Ti-C system was examined with up to 3 percent 
C and 6 percent Ti.) . 
238. TYLER, PAUL M. .Titanium - Its Uses in Metallurgy. Metals and 
Alloys, vols 6, 1935, pp. 93-96. (Survey of the uses of ti- 
- tanium in alloys and in steel.) 
239. THE UNITED STEEL COMPANIES, LTD., and SWINDEN, THOMAS. Iron Alloys. 
".. British Patent 476, 115, Dec. 2, 1937. (Fe alloys for electrical 
‘resistances contain Cr 6.] to 50, Al 3 to 12, C 0. 07 to 0.2, and 
Ti up to 5 percent.) 

240. VANADIUM CORP. .OQF AMERICA, Titanium-Vanadium iene. Vanacium Steels 
and Irons, 1937, pp. 1T5+1 16. (Rffect of V and Ti on Brinell 

ee hardness'of cast Fe. ). er 

el, “VANCORAM REVIEW. merger arkot(tontum: Vol. 4, No. 2, Spring 
1945, pp. 10, ‘Q1.° (Composition of Th. alloys. ised in treating 

: iron and: steel, ) - 

eka. VAN LIEMPT, J. A.-M., ‘and DE VREEND; J.-A. (The Light of Combustion 
of Sotne Metals and ‘Alloys.iI.). (Rec. Trav. chim., vol. 58, 

: 1939, pp. 4e3<432. (The light: of combustion of pure Ti and of 
‘an alloy containing Al and,2.5 percent Ti were determined. ) 

243, VOGEL, RUDOLF. (Observation of an Enforced Directional Separation 
in Solid Solutions.) Ztschr. Metallkunde, vol. 33, 1941, pp. 
376-377. (When a. ternary Ni-Fe-Ti alloy, containing 69 percent 
Ni, 14 percent Ti, and 17 percent Fe, solidifies, there sepa- 
rates out first. an Fe-Ni-Ti, solid solution, followed by 4 eu- 
tectic crystallization of a solid solution and the spear-like 
compound NisTi,) 

eu, VOGEL, R., and SCHLUTER, W, (The Iron Corner of the System Iron- 
Silicon-Titaniur. ) Arch, Eisenhuttenw., vol. 12, 1938, pp. 207- 
212, (The system was investigated thermally and micrograph- 

oe ically up to 30 percent Si and 30 percent Ti.) 

e45.  WOGEL, R., and WALLBAUM, H. J. (The System Iron-Nickel-Nickel Tita- 
nide- Iron Titanide.) Arch. Elsenhuttenw., vol. 12, 1938, pp. 
299-304, (The diagram of state Feo Ni-Ti was established up to 
the pseudobinary section FeoTi-Niz Ti with Ti contents up to 
30 percent. ) 

2h6, WALLBAUM, H. J. (The Systems of Iron-Group Metals with Titanium, 
Zirconium, Columbium, Tantalum.) Arch. Eisconhittenw., vol. 14, 
1941, - 521-526. (Equilibrium diagrams of Fe-Ti, Co-Ti, and 
Ni-Ti. 

Ok7, (Results of the Rontgenographic Structure Investigations of 
Alloys with the Composition AB2 of the Iron Metals with Titeniun, 
Zirconium, Columbium, and Tantalum.) Ztschr. Krist., vol. 103, 1941, 
pp. 391-ho2, (Structures of MnoTi and FeoTi.) 

248, WASMUHT, ROLAND, (The Precipitation-Hardening of Iron by Titaniun, ) 
Arch. Eieenhuttenvw., vol. 5, 1931, pp. 45-56. (Investigation 
of influence of Si, Ni, Mn, Cr, Al, and C on precipitation- 
hardening in Fe-Ti alloys.) 
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eho, WESTINGHOUSE ELECTRIC & MANUFACTURING CO. Nickel-Cobalt Alloy. - 

German Patent 620,897, Oct. 29, 1935. (Ni-Co-Fe-Ti alloy 
‘containing 2 percent Ti.) - om Ss 

250. WITTE, HELMUT and WALLBAUM, HANS-JOACHIM. (Thermel and X-ray 
Study of .the System: Iron-Titanium, ) Ztschr, Metallkunde, 
vol, 30, 1938, pp. 100-102.. (Thermal, microscopic, and X-ray 
studies established the phase TiFeo, melting at 1,530° C.) 

e51. WOLDMAN, .NORMAN E., ‘and METZLER, ROGER. Engineering Alloys. An, 

| Soc. Metals, 19k5, p..151. MCompont tt on) mechanical properties, 

- and uses of Konel.) = 

250, ‘WULEF, JOHN. Powder Metallurgy. Am, Soe. Mosees) 1942, PP. 148-151, 
(The hydride process. ) ae 

253. ZANDER, WALTER. (Alloy for Machine: Parte: ) eoruein Patent 729, tia 
Nov. 25, 1942. (An alloy containing Mz 2 to 6, Fe 1 to 3, Mn 
0.5 to 2.5, Si 0.8 to 2.5, Cr 0.2 tol, Ti 0.05 to 1 percent, 
and Al the rest is used for parts exposed to gliding friction.) 

254. ZUMBUSCH, W. (New Developments in Permanent Magnets from Iron- 

| ‘Nickel-Aluminum Alloys.with and without Copper, Cobalt, -and- 
Titanium and their. Constructién and Applications.) Elektrotech 
u. Maschinebau, vol. 60, 1942, pp..533-534. (Magnets of the 
Cae ee types are discussed: Fe-Ni-Co-Ti and Fe-Ni-Co-Al-Cu 
fi 

255. (Permanent Magnets of -Iron-Nickel-Cobalt-Aluminum-C copper - 

Titanium Alloys with Magnetic Preferential Direction.) Arch. 

Eisenhuttenw., vol. 16, 1942, pp. 101-112. (Ti up to 1 percent 

et the coercive force but impairs the magnetic energy 

value. 


Miscellaneous: . 
256. MEYER, W. Blektronenleitung in fexten: ewentsenen scab laaeaee: 
Ztachr. .Elektrochem,, vol. 50,..1944, p. 277. (Temperature 


a of a ao ue reduction ‘product of Cao. 
Ti0o. 
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